MAY. 14.2002 12:49PM HARNESS/ DICKEY & PIERCE NO. 048 P. 6 



IN THE CLAIMS 

Please amend the claims in accordance with the following. 

Please cancel Claims 10, 17, 25, and 32 without prejudice or disclaimer of 



the subject matter contained therein. 




1. (AMENDED) Fuzzy logic method of tuning [an RF] a radio 
frequency (RF) matching network of the type having an Input at which is applied RF 
power at a given frequency and at a given impedance, and an output which applies said 
power to an RF load having a non-constant impedance, said matching network 
including a phase-magnjtudd error detector means providing a phase error signal and a 
magnitude error signal related respectively to impedance phase angle error and 
impedance magnitude error, arid said matching network comprising at least a first 
variable impedance having a driven element for varying the impedance thereof and a 
second variable impedance having\a driven element for varying the impedance thereof; 
the method comprising; 

supplying said phase arid said magnitude error signals to a fuzzy logic 
controller, wherein each of said error [sigbal] signals has a magnitude and direction!,] x 

applying each of said phase and magnitude error [signal] signals to a 
fuzzy logic inference function based on a number of overlapping fuzzy sets, and where 
[the] a value of each of said phase and magnitude error [signal] signals enjoys 
membership in one or more fuzzy sets; 
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applying fuzzy logic rules to said phase and magnitude error signals 
according to [the] saw one or more fuzzy sets for which said [first and second] phase 
Cy^J and magnitude error signals enjoy membership; 

obtaining wive signal values based on said fuzzy logic rules for each of 
said phase and magnitude error signals; 

weighting said drive signal values according to the respective one or more 
fuzzy sets inference [functions] for which said phase and magnitude error signals enjoy 
membership; and 

combining said weighted drive signal values to produce an output drive 
signal for said first variable impedance device driven element. 



2. (AMENDED) Fuzzy logic method of tuning an HP matching network 
according to claim 1, further comprising 

obtaining additional drive signal values based on additional fuzzy logic 
rules for each of said first and second error signals; 

weighting said additional drive signal values according to additional 
respective fuzzy inference functions; and ' 

combining [such] saM weighted additional drive signal values to produce 
an output drive signal for said second variable impedance device driven element. 

3. (AMENDED) Fuzzy logicVnethod of tuning an RF matching network 
according to claim 2, wherein said fuzzy logic tales and said additional fuzzy logic rules 
comprise a matrix of NxM drive signal values, where N is the number of fuzzy sets of 
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said [phase] firsi error signal and M is the number of fuzzy sets of said [magnitud ] 
second error signal, and each of said drive signal [value] values and said additional 
drive signal values corresponds to a given set of said [phase] first error signal and a 
given set of said [magnitude^ second error signal. 

4. (AMENDED) Fuzzy logic method of tuning an RF matching network 
according to claim 1, wherein said number of overlapping fuzzy sets [being] are 
centered respectively about zero, a medium positive value, a medium negative value, a 
high positive value, and a high negative value. 



(^f) 5. (AMENDED) \ A fuzzy logic controller for tuning [an RF] a radio 

^/eouencv (RF) matching netwonc, wherein said matching network is positioned between 
— a source of applied RFpower at a given frequency and at a given impedance, and an 
RF load having a non-constant impedance, said matching network including a phase- 
magnitude error detector means providing a phase error signal and a magnitude error 
signal related respectively to impedance phase angle error and impedance magnitude 
error, and said matching network comprising at least a first variable impedance device 
having a driven element for varying the impedance thereof and a second variable 
impedance device having a driven elemem for varying the impedance thereof; the fuzzy 
logic controller comprising input means receiving values of said phase and magnitude 
error signals; means for applying the values of said phase and magnitude error signals 
to a fuzzy logic inference function based on a number of overlapping fuzzy sets, and 
where a [the values] yaju of each of said phase and magnitude error signals enjoy 
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membership in one ok more fuzzy s ts; means for applying fuzzy logic rules to said 
phase and magnitude error signals according to fuzzy sets for which said error signals 
enjoy membership; means for obtaining drive signal values according to said fuzzy logic 
rules for each [set] of said fuzzy sets for which said error signals enjoy membership; 
means for weighting said drive signal values according to the respective fuzzy inference 
functions for the values of\said phase and magnitude error signals; and means for 
combining said weighted drivre signal values to produce an output drive signal for said 
first variable impedance device driven element. 



6. (AMENDED) 1 Fuzzy logic controller according to claim 5, further 
comprising means for obtainingladditional drive signal values based on additional fuzzy 
logic rules for each of said phase and magnitude error signals; means for weighting said 
additional drive signal values (according to additional respective fuzzy inference 
functions; and means for combining [such] said weighted additional drive signal values 
to produce an output drive signa] for said second variable impedance device driven 
element. 



7. (AMENDED) Fuzzy logic method of tuning a tunable [RF] radio 
frequency fRB device of the type having an input at which is applied RF power at a 
given frequency and at a given impedance, and an output, including an error detector 
means providing a first error signal and a second error signal, and said tunable RF 
[means] device including at least a first variable impedance device having a driven 
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element for varying the impedance thereof and a second variable impedance device 
vY ) having a driven element for varying the Impedance thereof; the method comprising; 
O supplying\said first and said second error signals to a fuzzy logic 

^ controller, wherein eachxof said first and said second error [signal] signals has a 
^ magnitude and directionf,] j;\ 

applying each & said first and said second error [signal] signals to a fuzzy 
^) logic inference function based\on a number of overlapping fuzzy sets, and generating a 
membership value that corresponds to [the] an amount of overlapping membership of 
the error signal value in one or more fuzzy sets; 

applying a pluralitv\of fuzzy logic rules to said first and second error 
signals according to the fuzzy sets, for which said first and seoond error signals enjoy 
membership; 

obtaining a plurality of drive signal values based on said plurality of fuzzy 
logic rules for each of said first and second error signals; 

weighting said drive signalWalues according to the respective membership 
values for said first and second error signals; and 

combining said weighted drive signal values to produce an output drive 
signal for said first variable impedance haying said first variable impedance device 
driven element, 



8. (AMENDED) Fuzzy logic method of tuning a tunable RF device 
according to claim 7, further comprising 
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obtaining a plurality of additional drive signal values based on additional 
fuzzy logic rules for each of said first and second error signals; 

weighting said additional drive signal values according to a plurality of 
additional respective fuzzy inference functions; and 

combining such weighted additional drive signal values to produce an 
output drive signal for said second variable impedance device driven element. 



9. (AMENDED)\ An electrical petwork comprising: 
a radio freouenA (RFi generator for generating an RF signal, the RF 
generator having a source impedance; 

a load receiving the RF signal, the RF signal providing a driving energy to 
the load, the load having a variable road impedance: 

a matching network interposed between the RF generator and the load, 
the matching network having a variable network impedance, the matching network 
detecting at least one of an lmpedance\phase and an impedance magnitude error and 
generating at least one of a respective phase error signal and a magnitude error signal, 
the matching network varying at least one\of the impedance phase and the impedance 
magnitude error in order to vary the network\impedance: 

a fuzzy inference module receiving the at least one of the respective 
phase and magnitude error signals and defining a membership value that varies in 
accordance with membership in at least one fuzzy set: and 

a controller receiving the at least one respective phase error sionaLand 
magnitude error signal, the controller applying the Vuzzy logic rules to the at least one of 
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the respective impedance phase error signal and the impedanc magnitude error signal 
according to the fuzzy sets fo\ which said restrictive error signals enioy membership in 
order to generate at least one control signal to vary the network impedance, thereby 
matching the source Impedance and the load impedance. 



7^ 



y\. (AMENDED) The network of claim 9 wherein the controller further 
comprises a rules module haying_a set of rules applied in accordance with the 
membership values, the rules module generating at least one fuzzy output. 



C^V) 12. (AMENDED) \ The network of claim 10 wherein the controller further 

comprises 4 defuzzrfication module, the defuzzification module converting the at least 
one fuzzv output to the at least on^ control signal. 




16. (AMENDED) An electrical petwork comprising : 
w a radio freouen\v <RR generator for generating an RF signal, the RF 
generator having a source impedance: 

a load receiving the ^RF signal. the r RF_signal„proyJdiqg_a^drivin^enerq y to 
the load, the load having a variable toad impedance: 

a matching network interposed between the RF generator and the load, 
the matching network having a variable network impedance, the matching network 
detecting at least one network parameter\and generating at least one sensed signal, the 
matching network varying the network impedance in order to match the variable load 
impedance and the source impedance, wherein the at least one sensed signal 
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compris s at I a^et one of an impedance phase error signal and an impedance 
magnitude error signal: 

a fuzzv inference module receiving the at least one sensed signal and 
defining a membership Value that varies In accordance wrth membership in at least one 
fuzzv set; and 

a controller deceiving the at least one sensed signal, the controller 
applying fuzzv logic rules to ihe at least one sensed signal according to the fuzzy sets 
for which said first and second error signals enjoy membership in order to generate at 
least one control signal to varvi the network Impedance, thereby matching the source 
impedance and the load impedance. 



/6 /r 

>ar (AMENDED) The network of claim 16~wherein the controller further 



— comprises- a rules module having a set of rules applied in accordance with the 
membership value, the rules module generating at least one fuzzv output. 

S^^7 19. (AMENDEC}) The network of claim 16 wherein the controller further 
Ofcomprises a defu zzification rriodute. the defuzzification module converting the at least 
one fuzzv output to the at least one control sfgnaj, 



(AMENDED) The network of claim -16"wherein the load is a RF 



plasma chamber. 
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24, (AMENDED) A method of tuning a radio frequency (RR Impedanc 
rv ^^tchino network having an input which receives RF power and_an output which 
applies the power to a TRF toad, the matching network having a variable impedance, 



comprising the steps of: 

determining all impedance phase error and an impedance magnitude 
error and generating a c<yrespondinq_phase__error_ signal and a corresponding 
magnitude error signal: 

applying the phasb impedance and magnitude impedance error signals to 
a fuzzy logic inference function, Uhe phase and magnitude error signals each having at 
least one respective membership value in at least one fuzzv set: and 

applying fuzzy looic\ rules to the impedance phase and impedance 
magnitude error signals according to the fuzzv sets for which said error signals n enjoy 
membership to generate fuzzv output\signals based upon the phase and the magnitude 
error signals and generating a control^ signal to adjust the variable impedance of the 
matching network, 



^6r(AMENDED) The method of clair^24:wh9rein the step of applying 
fuzzv looic further comprises applying logic rules to the at least one respective 
membership value to generate at least one respective fuzzy output value, 

(j^OfS 27 - (AMENDE^ The method of claim 24 wherein the step of applying 
logic rules further comprises Vie step of weighting the at least one respective fuzzv 
output value according to the at least one respective membership value. 
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^28r(AMENDED) The method of claim 27-wherein the step of applying 
logic rules further comprises the step of combining said weighted at least one respective 
fuzzv output values to produce the control sig nal, 

^97(AMENDED) The method of claim -24r wherein the logic rules 
comprise a matrix of NxM fuzzv output values, where N is the number of fuzzv sets of a 
first sensed signal and M Is the number of fuzzy sets of a second sensed signal, and 
each fuzzv output value corresponds to a predetermined set of the first sensed signal 
and a predetermined set of the second sensed signal. 

,307 (AMENDED) The method of claim J£4-wherein the at least one fuzzv 
set comprises a plurality of fuzzv sets centered respectively about zero, a medium 
ijositive value, a medium negative value, a hfoh positive value, and a high negative 
value* 

31, (AMENDED) A method of tunjnq a radio frequency (RR impedance 
^matching network having aVi input which receives RF power and an output which 
applies the power to a RF Idad. the matching network having a variable impedance, 
comprising the steps of: 

determining a netwbrk parameter and generating a corresponding sensed 
signal that varies, in accordance with the network parameter; 
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applying the\ corresponding s nsed signal to a fuzzv logic Inference 
function, the correspondinq\sensed signal having at least one respective membership 
value in at least one fuzzy sett and 

applying fuzzy logic rules to the corresponding sensed signal according to 
fuzzy sets for which said error srbnal, enjoys membership: 

generating fuzzv output signals based upon the corresponding sensed 

si gnal; and 

generating a control \sional to adjust the variable impedance of the 
matching network based upon the f uzkv output signals. 



33. (AMENDED) The methc^_ofj;JajmA1^wberein the step of applying 
izzv logic further comprises applying logic rules to the at least one respective 
membership value to qeperkte at [east one respective fuzzy output value, 




34. (AMENDED) \ The method of claim 31 wherein the step of applying 
logic rules further comprises the step of weighting the at least one respective fuzzy 
output value according to the at least one respective^embership value. 



36. (AMENDED) Theynethod of claim 34 wherein the step_of_appJying 
logic rules further comprises the step oflpombining said weighted at least one respective , 
fuzzv output values to produce the central signal. 
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£6r (AMENDED) The method of claim .3T r * wherein the loaio rules 
comprise a matrix of NxM fuzzy output values, where N is the number of fuzzy sets of 
the corresponding sensed signal and M is the number of fuzzv sets of a second sensed 
signal, and each fuzzy output value corresponds to a predetermined set of the sensed 
signal and a predetermined set of the second sensed signal. 

ZT. (AMENDED) The method of claim 3-rwhereln the at least one fuzzv 
set comprises a plurality of fuzzy sets centered respectively about zero, a medium 
positive value, a medium negative value, a hloh positive value, and a high negative 
value. 
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